We present the result of a wide-field survey of globular clusters (GCs) in M31 covering a 3
INTRODUCTION
Globular clusters (GCs) are an ideal tool for studying the formation and evolution of nearby galaxies for several reasons. First, GCs are one of the brightest objects in galaxies, so it is relatively easy to observe them even in the outer parts of the galaxies where individual stars are too faint to be observed. Second, GCs are believed to be among the oldest objects in galaxies (see, e.g., Salaris & Weiss (2002); De Angeli et al. (2005) ) giving a lower limit to the ages of their parent galaxies. Third, the stars in GCs are believed to be born essentially at the same time and with the same chemical composition, which makes GCs an ideal laboratory for the study of stellar evolution. Fourth, GCs are distributed much more widely than stars, so they can be used for the study of the halo of their parent galaxy. Finally, since the present GCs have survived since the formation of their parent galaxies, they give information on the formation and evolution of both the clusters and the galaxies.
The GCs in M31 are especially important, since M31 is the nearest spiral galaxy and has an abundant population of GCs.
There have been numerous studies of the GCs in M31 starting as early as 1932. Table 1 shows a list of the previous studies on M31 GCs, focusing primarily on the number of GCs and candidate GCs found. Examples of the most extensive GC surveys are those of Sargent et al. (1977, the M31 Consortium) , Crampton et al. (1985, the DAO group) , and Battistini et al. (1987, the Bologna group) . However, these surveys are mostly based on visual searches of the photographic plates.
Since the use of CCD detectors in astronomy, there have been efforts to use them for deep photometry to search for new GCs in M31. However, the small field of view (FOV) of the first generation CCDs enabled previous investigators only to perform GC surveys for a limited region of M31, and there has not yet been any wide-field survey of GCs using CCD cameras. It is clear from Table 1 that our new GC survey presented in this study is the first systematic one for the largest area of ∼ 3
• × 3
• centered on M31. Recently several new extended GCs were found in the halo located at 15 R p 116 kpc (where R p is the projected radius) from the center of M31 (Huxor et al. 2005; Martin et al. 2006; Mackey et al. 2007) , and Mackey et al. (2006 Mackey et al. ( , 2007 presented deep photometry of stars in these clusters based on Hubble Space Telescope (HST) ACS images. Kodaira et al. (2004) found 49 compact star clusters with M V < −5 mag and 0 < (B − V ) < 1.0 in the south-west field (17 ′ .5 × 28 ′ .5) of the M31 disk from CCD images taken at the Subaru 8 m telescope, some of which may be GCs.
This paper is the first in a series on our wide-field survey of M31 GCs. In this paper we present a catalog of new GCs in M31, and the analyses of the photometric and spectroscopic data of the new and known GCs in M31 will be presented in separate papers. Brief progress reports of this study were given in Lee et al. (2002) , Kim et al. (2002) , and Seguel et al. (2002) , which are superseded by this series of papers. This paper is organized as follows: §2 describes the photometric and spectroscopic observations and data reductions, and §3 the GC search method. Section 4 presents the catalog of new GCs found in this study and some properties of newly found GCs, and finally, a summary is given in §5.
OBSERVATIONS AND DATA REDUCTION
We carried out two kinds of observation for the survey of M31 GCs. First, photometric observations were made using the CCD camera at the KPNO 0.9 m telescope. Second, spectroscopic observations were performed using the Hydra multifiber spectrograph at the WIYN 3.5 m telescope. We describe the details of these observations below.
2.1. Photometry 2.1.1. Observation We obtained Washington C and M and broadband KronCousins R images using the T2KA CCD camera at the KPNO 0.9 m telescope on the nights of UT 1996 October 14 -25 and UT 1998 October 19. The pixel scale of the CCD chip is 0.68 ′′ pixel −1 , and the CCD has 2048 × 2048 pixels, corresponding to 23.2 ′ × 23.2 ′ on the sky. We used the KronCousins R filter as an alternative to the T 1 filter, since the R filter accurately reproduces the T 1 photometry with 3 times greater efficiency (Geisler 1996) . The resulting calibrated magnitudes and colors will therefore be in the Washington CMT 1 system. Geisler (1996) gave a transformation relation between R and T 1 , R = 0.003 + T 1 − 0.017(C − T 1 ), with an rms of only 0.02 mag derived from the data of 53 standard stars.
We observed 53 fields covering the central region of M31. Figure 1 shows the location of the observed fields, the names of which are labeled in the upper left corner of each solid box. For most of the fields, one exposure per filter was made. Typical exposure times for the 1996 run were 1500 s for C and 600 s for M and R, while those for the 1998 run were 1200 s for C and 500 s for M and R. The seeing was mostly 1.1 ′′ -2.0 ′′ (1.6 -2.9 pixels in our CCD frames) during the observations, although a few fields have a seeing of 2.0 ′′ -3.0 ′′ . Table 2 lists the journal of observation, where column (1) is the night number, column (2) the observation date in UT, column (3) the field numbers, and column (4) the weather condition. Of the total of 11 nights of observation, four nights (N5, N8, N9 and Oct98) were photometric, three (N3, N4, and N11) were semi-photometric, and the remaining four nights were nonphotometric or even cloudy. The standard star observations were made in the photometric and semi-photometric nights indicated in Table 2 .
Data Reduction
We processed all the CCD images to apply overscan correction, bias subtraction and flat fielding using the IRAF 10 /CCDRED package. We derived the calibration transformation using the Washington standard stars (Geisler 1996) observed during the observing runs. We obtained the aperture magnitudes of the standard stars using a 7.5 ′′ radius aperture (the same as in Geisler (1996) ) from the images of the standard stars. Then we used the IRAF PHOTCAL package to derive the calibration equations.
For three out of the four nights of photometric conditions, all three standard calibration coefficients (zeropoint, color term, and airmass term) were derived. For the three nights of semi-photometric conditions, we adopted the mean values of the color and airmass term coefficients of the three photometric nights to derive the zeropoints. Although the night of UT 1996 October 22 was believed to be photometric, there were not enough standard stars to derive all three calibration coefficients independently, so we adopted the color and airmass term coefficients of the previous photometric night.
For the fields observed on the nights without standard stars, we derived secondary standard transformations using the neighboring fields. Since we initially arranged our target fields to overlap adjacent fields by 1 ′ -2 ′ , we could easily identify the stars in common between two neighboring fields. On the image of each filter, we first identified the positions of the common stars in the two adjacent fields, calculated the mean magnitude offsets between the standardized magnitudes and instrumental magnitudes, and then applied this magnitude offset (together with the color and atmospheric coefficients of the standardized field) to transform the instrumental magnitudes of the nonphotometric frames. There are 14 fields for which this secondary transformation method is applied. The typical errors of the standard star calibration are 0.020, 0.022, and 0.019 mag for T 1 , (C − T 1 ), and (M − T 1 ), respectively.
We have derived the photometry of the objects in the target images using the SExtractor package (Bertin & Arnouts 1996) . SExtractor performs detection of objects in the images and gives position, aperture magnitude, stellarity, the full width at half-maximum (FWHM), ellipticity, position angle, quality of the photometry, and some other parameters. We used the SExtractor parameters DETECT_MINAREA = 5 pixel and DETECT_THRESH = 1.5σ above the local background. The results for new GC searches do not depend strongly on the choice of these values. The instrumental magnitudes of the objects obtained using the SExtractor package were transformed into the standard system using the calibration equations.
We have obtained plate solutions for each of the CCD images for astrometry of objects using the Guide Star Catalogue (GSC) provided by the Space Telescope Science Institute (STScI) and the IRAF tasks CCXYMATCH and CCMAP. These plate solutions transform the X and Y coordinates of our R images to/from the celestial equatorial coordinates of epoch J2000.0 by using the IRAF CCTRAN task. The mean rms errors in right ascension and declination are 0.064 ′′ ± 0.023 ′′ and 0.064 ′′ ± 0.024 ′′ , respectively.
2.2. Spectroscopy 2.2.1. Observation For most of the GC candidates selected from the photometric list of the objects to be described in the next section, we carried out spectroscopic observation using the Hydra multifiber bench spectrograph and T2KC CCD at the WIYN 3.5 m telescope on the nights of UT 2000 September 7-9 and UT 2001 November 2-4. Table 3 lists the journal of spectroscopic observations. Table 3 shows the observation date in UT, the number of target objects, and the exposure time for each Hydra configuration marked in Figure 1 .
For both the 2000 and 2001 observations, almost the same instrumental setup was used. The 400@4.2 grating and Simmons camera were used. This combination with the blue fiber cable covers a wavelength range of ∼ 3400 − 6600 Å in the first order and gives a 7.07 Å spectral resolution and 1.56 Å pixel −1 dispersion. During the observing run of 2000, all three nights were clear and a total of eight Hydra configurations were used for spectroscopy. However, in the run of 2001 only the first night was clear, while the two subsequent nights were cloudy or rainy. Only three Hydra configurations were obtained during this run. The total number of targets observed during the observing runs was 748, including 106 previously known GCs observed in order to quantify our errors and compare our values with previous studies.
First we performed overscan correction, image trimming, bias subtraction, and flat combining on the spectroscopic data using the IRAF CCDRED package. We removed cosmic rays in the object images and combined the resulting object images. For the reduction of the Hydra spectroscopic data, we used the Hydra data reduction task, IRAF DOHYDRA, which was specifically designed for multifiber spectral reduction (Valdes 1995) .
Before doing the main data reduction part, DOHYDRA first performs aperture finding using the APFIND task, and performs fitting and subtracting of the scattered light using the APSCATTER task. Then DOHYDRA performs aperture extraction, flat-fielding, fiber throughput correction, wavelength calibration, and sky subtraction. Dome-flat images were used as a template to extract the one-dimensional object and calibration spectra from the two-dimensional images. Cu/Ar calibration lamp spectra were used for wavelength calibration. The rms error of the wavelength calibration is estimated to be typically 0.2-0.3 Å. Finally, we calibrated the flux of the spectra of the targets using the spectra of the flux standard star BD +40 4032 (R. Strom (1977) ) using the CALIBRATE task.
We determined the radial velocity of the targets by crosscorrelating their spectra against high signal-to-noise ratio (S/N) template spectra using the IRAF FXCOR task (Tonry (Barmby et al. 2000) . We used the wavelength range of 3900 -5400 Å for velocity measurement, excluding the noisy region of λ > 5500 Å due to some sky lines not completely eliminated even after sky subtraction. Measuring errors of the radial velocity are typically err(v) = 35 km s −1 . For the objects with successfully measured velocity values, we measured the S/N values at λ ∼ 5000 Å, obtaining 1 <S/N< 75. The peak S/N values are 6 -10 for all these spectra, and 10 -20 for newly found, highest probability GCs.
CLUSTER SEARCH METHOD
We have used both photometric and spectroscopic information to select GCs in M31. First, using photometric data, we investigated various photometric parameters and morphological properties of the objects in the CCD images. Then we assigned spectral classes to bright objects, and used the radial velocities to determine the M31 membership of the objects with measured radial velocities. Finally, we performed the final classification by careful visual inspection of the image of each object, after training our eyes with images of the previously known GCs, stars, and galaxies in our own data. Details of these steps are described below.
Before starting a survey of M31 GCs, we tried to find the suitable parameter space to select M31 GC candidates using the photometric data of the known M31 GCs. We matched our photometric catalog of the objects with the previous catalogs of Galleti et al. (2006) (Revised Bologna Catalog ver. 2.0 [RBC2] -their confirmed and candidate GCs), Huxor et al. (2005) , and Mackey et al. (2007) . There are 861 objects (347 confirmed GCs and 514 GC candidates) common between the previous catalogs and our catalog of photometry derived from our CCD images. Figure 2 shows the distributions of three SExtractor parameters (stellarity, FWHM and ellipticity) based on the R images, and Figures 3 and 4 show the photometric diagrams of these objects. In Figure 2 (a), (b), and (c), the crosses and the open solid histograms show the distributions of all 861 objects with good photometry, and the filled circles and hatched histograms show those of the confirmed GCs in common between this study and the papers above. As stellarity of 1 corresponds to a point-source (star), and a stellarity of 0 to a resolved object. The distribution of stellarity in Figure 2 shows that most objects have stellarity of 1, few objects have stellarity between 0.1 and 0.8, and the rest have stellarity ∼ 0. In Figure 2 several features are noted: (1) the distribution of the stellarity of the confirmed GCs shows a strong peak around 1 with a broad tail extending to about 0.8, and a weak peak around 0. There are relatively much fewer GCs in the range between 0.1 and 0.8; (2) the distribution of the ellipticity of the confirmed GCs shows a broad peak around 0.1 with a tail extending to 0.5; and (3) the distribution of the normalized FWHM of the confirmed GCs shows a strong peak around 1.4, which is significantly larger than that of the stars, 1.0. Considering the pixel scale of our CCD chip, typical see- ing of 2 pixels (≈ 1.
′′ 4), and the linear size of 1 ′′ at the distance of M31 (≈ 3.78 pc), it is expected that most of the GCs in M31 will appear point-source-like. Even for these star-like GCs, Figure 2 (d) shows that the normalized FWHM is greater than 1.
Considering the features in Figure 2 , we have set up two kinds of criteria for the selection of GC candidates: (1) criteria for "all candidates" are (a) all values of stellarity, (b) 1.15 < FWHM/seeing 10, and (c) ellipticity < 0.7; and (2) criteria for "good candidates" are (a) stellarity of 0.8 − 1.0, (b) 1.15 < FWHM/seeing 5, and (c) ellipticity < 0.5. "Good candidates" are candidates with higher probability among "all candidates." Figure 3 shows the T 1 − (C − T 1 ) color-magnitude (CM) diagram (Fig 3 (a) ), the histograms of (C − T 1 ) color (Fig  3 (b) ) and T 1 magnitude (Fig 3 (c) ) of the 861 objects matched with the previous catalogs. Figure 4 shows the (C − M)-(C − T 1 ) color-color (CC) diagram of the same objects. Notable features in Figures 3 and 4 are that (1) the colors of the confirmed GCs are mostly in the range 1 < (C − T 1 ) < 2, (2) the luminosity function (LF) of the confirmed GCs shows a peak at T 1 ≈ 17 mag, (3) the CM diagram shows a dominant vertical plume of GCs with 1 < (C − T 1 ) < 2 extending up to T 1 ∼ 13.5, and (4) the CC diagram shows a well-defined linear sequence of star clusters.
In Figures 3 and 4 we also plotted the data for "all candidates" and "good candidates". It is striking that the general properties of these candidates seen in these figures are very similar to those of the confirmed GCs, noting that no information of color and magnitude was used for selecting these candidates. This indicates that a significant fraction of these candidates may be GCs.
We selected the candidates in the best-seeing image among the C, M, and R images, which are predominantly the R-band images. We used objects at least ∼ 1 mag brighter than the limiting magnitude where the stellarity cannot be used to separate stellar/non-stellar objects. The typical limiting magnitude of the images is T 1 = 22 − 23 mag, varying from field to field due to the seeing and the crowding in the field. We set the magnitude cut-off value for the candidate selection 1 -2 mag brighter than the limiting magnitude of the images, depending on the seeing and the crowding in the images. The magnitude cut-off value for the candidate selection ranges from T 1 ∼ 17.5 mag (for the center field) to ∼ 19.5 mag (for halo fields or good seeing), mostly T 1 ∼ 19 mag. Therefore our search is considered to be incomplete at T 1 > 19 mag for most fields (at T 1 > 17.5 mag for the central field). Figure 5 shows an example of our application of the above criteria to one of the KPNO fields (F56) with a seeing of ≈ 1.9 pixels. In this field, there are 4894 measured objects with good photometry. Among these we selected 362 "all GC candidates" according to criterion (1), and 277 "good GC candidates" according to criterion (2). Finally we marked the "all" and "good" GC candidates selected above on the images, and visually inspected their images to finalize the GC candidates. We checked contour maps and radial profiles of the objects as well as the images themselves. In the contour map, we classified irregular, significantly elongated, asymmetric, and loosely concentrated objects as galaxies, and round, slightly elongated, strongly concentrated objects as star clusters. Although some faint galaxies look round in the displayed images, in the contour maps their outer areas look irregular, while star clusters look very smooth and round. Inspection of the contour maps was very efficient in selecting galaxies. In the radial profile, the objects with FWHM larger than the seeing size are considered as GCs, those with FWHM similar to seeing size as stars, and those with a large excess in the wing as galaxies. Checking color, position, and/or velocity information was also included. There are some confusing cases: compact elliptical galaxies versus GCs, compact GCs versus stars, and compact star clusters in H II regions versus galaxies. For these cases spectroscopic information was needed for classification. In the outer areas close to the edge of each CCD image, the FWHMs get larger due to image degradation. Therefore, we carefully compared potential targets in these areas with other nearby objects to see whether they are really extended.
Spectral information was also used for the classification of bright objects. We have visually classified the flux-calibrated spectra into stars, star clusters, and galaxies, comparing them with the template spectra of the spectral library of Santos et al. (2002) . We used the continuum of the 4000 − 7000 wavelength range as well as various spectral features: Balmer lines between 4000 and 5000 for early-type objects; absorption lines like CA II H and K, CH (G band), MgH+Mgb, and TiO for late-type objects; and emission lines for galaxies. Figure 6 displays sample spectra for confirmed GCs, young star clusters, foreground stars (F, G, and K types), and three galaxies (M31, M32 and a background galaxy).
The radial velocities were used as a strong constraint on the membership of the objects belonging to the Galaxy, M31, or the distant universe. Most of the objects with radial velocities less than −200 km s −1 are probably M31 members, while those from −200 to +200 km s −1 could be M31 members or Galactic foreground stars. We considered all the objects with v < −300 km s −1 to be M31 members. The objects with v > 300 km s −1 were classified as background galaxies.
FIG. 5.-Example of our application of the GC search criteria to one of the KPNO fields (F56) with seeing of ≈ 1.9 pixels. Panels (a) and (b) show the CM diagram and CC diagram of the selected GC candidates, respectively, and panels (c) -(f) show the parameter space for the GC candidate selection (see Section 3 for details). Small dots represent all measured objects with good photometry (N=4894), squares are "all GC candidates" selected according to criterion 1 (N=362), and open circles superimposed on the squares represent "good GC candidates" selected according to criterion 2 (N=277).
FIG. 6.-Sample spectra of (a) M31 globular clusters, (b) M31 young star clusters, (c) foreground stars, and (d) three galaxies (M31, M32 and a background galaxy). We have followed Huchra, Brodie, & Kent (1991) and Barmby et al. (2000) for the naming convention of M31 GCs. The numbers after T8− and T9− in the parentheses of panels (c) and (d) are the identification numbers in Tables 16 − 17 and 18, respectively.
For objects with −300 km s −1 < v < +300 km s −1 , we classified each object consulting its spectral class.
Combining both image and spectral inspections was very efficient and accurate in classifying the objects. For our fields F08-F42, we used both image inspection and spectral inspection methods, while for the fields without spectroscopic data (F1-F7, F43-F52, and F56) we used only the image inspection method.
We have classified the final GCs/GC candidates into three classes according to probability as follows: (1) class 1, genuine GCs that were confirmed by either spectral types and radial velocities or high resolution images (mostly HST images); (2) class 2, probable clusters that are probably GCs from imaging data but without spectral information; and (3) class 3, possible clusters that are possibly GCs, but may be other kinds of objects like background galaxies.
4. RESULTS
The Catalog of New Globular Clusters in M31
By applying the cluster search method described in the previous Section to the 53 KPNO fields of M31 covering a ∼ 3
• area, we have found a total of 1164 GC candidates. Among these there are 605 new GC candidates found in this study and 559 previously known GCs in the catalogs of previous studies (e.g., Huxor et al. (2005) ; Galleti et al. (2006); Mackey et al. (2007) ). Table 4 lists a summary of the numbers of the GCs and GC candidates for each class. Among the new 605 GC candidates there are 113 genuine GCs (class 1), 258 probable GCs (class 2) and 234 possible GCs (class 3). Among the known GCs in previous studies we find 383 genuine GCs, 109 probable GCs and 67 possible GCs. In total there are 496 genuine GCs, 367 probable GCs and 301 possible GCs.
Tables 5 − 6, 7 − 11, and 12 − 15 present the lists of the GCs and GC candidates newly found in this study for genuine GCs, probable GCs, and possible GCs, respectively. In these tables the columns give the running number (col. Table 18 , whithc gives the identification matched with the RBC2 of Galleti et al. (2006) . These lists of stars and galaxies were obtained from the spectral classification described in Section 3. We found that 13 objects in these lists were already identified as galaxies or GC candidates without measured velocities in the RBC2 catalog.
Properties of New Globular Clusters
Although the detailed properties of the newly found GCs/GC candidates as well as those of the whole M31 GC system including the previously known GCs will be presented in separate papers, we show a few salient features of the newly found objects here. Figure 10 shows the T 1 − (C − T 1 ) CM diagram ( Fig. 10 (a) ), (C − T 1 ) color distributions ( Fig. 10 (b) ), and T 1 LF (Fig. 10 (c)) of the newly found GCs/GC candidates in Tables 5 − 6, 7 − 11, and 12 − 15 Figure 11 shows the (C − M) − (C − T 1 ) CC diagram of the same objects. Most of the class 1 GCs have T 1 magnitudes of 17.5 − 19.5 mag, which would be V ≈ 17.9 − 19.9 mag assuming (C − T 1 ) ≈ 1.5 (see below) and using the Geisler (1996) 's transformation coefficients between UBV RI photometry and CT 1 photometry. Figure 12 shows the direct comparison of the confirmed, previously known GCs and newly found, class 1 GCs in the T 1 − (C − T 1 ) CM diagram, and it is noted that most of the class 1 GCs newly found in this study are fainter than most of the confirmed, previously known GCs. The brightest object among the newly found class 1 GCs has T 1 ∼ 14.6 (V ∼ 15.0) mag and the faintest one has T 1 ∼ 19.9 (V ∼ 20.1) mag. We checked the color distributions of the previously known GCs and newly found GCs, confirming that they are quite similar.
Figure 10 (b) shows that the (C − T 1 ) color distributions of all three classes encompass the color range of 1 < (C − T 1 ) < 2 [0.6 (B − V) 1.0; Geisler (1996) ], in which most of the class 1 objects reside. There are a rather large number of very red objects with 2 < (C − T 1 ) < 2.5 [(B −V) ≈ 1.0 − 1.3], which could be reddened GCs or intrinsically red clusters. Figure 13 shows the spatial distribution and histograms of the newly found GCs and GC candidates. Open circles and filled histograms are for class 1 GCs in this study, crosses are for class 2 GCs in this study, and dots and open solid histograms are for GCs in the catalogs of Galleti et al. (2006, their class 1), Huxor et al. (2005) , and Mackey et al. (2007) . Most of the newly found, class 1 GCs are located in the disk area of M31. Higher spatial resolution imaging and spectroscopy, and possibly in the near-infrared wavelength band, would be needed to search for GCs in the central region of M31 where we missed many faint GCs, as seen in Figure 13 (top).
SUMMARY
We have presented the results of a new systematic wide field CCD survey of M31 GCs. Using Washington CMT 1 CCD images obtained at the KPNO 0.9 m telescope and spectra obtained using the WIYN 3.5 m telescope and Hydra multifiber bench spectrograph, we have investigated the photometric and morphological parameters of the objects, visually checked their images, and obtained their spectra and radial velocities. Finally, we have found 1164 GCs and GC candidates, of which 559 are previously known GCs and 605 are newly found GC candidates. Among the new objects there are 113 genuine GCs (class 1), 258 probable GCs (class 2), and 234 possible GCs (class 3). Among the previously known objects there are 383 genuine GCs, 109 probable GCs and 67 possible GCs. In total there are 496 genuine GCs, 367 probable GCs and 301 possible GCs.
The magnitudes and colors of most of the newly found class 1 objects are 17.5 < T 1 < 19.5 mag and 1 < (C − T 1 ) < 2. The faintest part of the M31 GC LF is mostly filled with these new GC candidates, although the intrinsically very faint GCs like AM 4, Palomar 1, E 3, and Palomar 13 in the Galaxy (see, e.g., van den Bergh & Mackey (2004) We would like to thank the anonymous referee for providing prompt and thoughtful comments that helped improve the original manuscript. The authors are grateful to the staff members of the KPNO for their warm support during our observations and data reduction. The WIYN Observatory is a joint facility of the University of Wisconsin-Madison, Indiana University, Yale University, and the National Optical As-FIG. 13.-Spatial distribution and histograms of the newly found GCs and GC candidates. X is the distance measured parallel to the major axis of M31 increasing to the north-east direction, and Y is the distance parallel to the minor axis. The large ellipse is for M31 with position angle 37.7 • (Racine 1991) . The positional data of the galaxies are from Karachentsev et al. (2004) , while those for And VIII are from Morrison et al. (2003) . Open circles are for class 1 GCs in this study, crosses are for class 2 GCs in this study, and dots are for GCs in the catalogs of Galleti et al. (2006, their i Confirmed GC nature from spectroscopy of 76 candidates. j With 113 class 1, 258 class 2, and 234 class 3, where classes 1, 2, and 3 are similar to classes A, B, and C, respectively, in Battistini et al. (1987) . NOTE. -The fields with standard transformation data (photometric and semi-photometric nights) are represented with bold letters. a For the field of F18, which is just the northern field of F25, we took two sets of data; long exposures (1500s in C, 600s in M, and 600s in T 1 ) and short exposures (300s in C, 100s in M, and 100s × 2 in T 1 ). b For the field of F25, which includes the M31 central region, we took of data; long exposures (1500s in C, 600s in M, and 300s × 2 in T 1 ) and short exposures (300s in C, 200s in M, and 200s × 2 in T 1 ). c Field 45 was observed both on N9 and N10 with the same exposure time setups. Even though the seeing of N10 for F45 was slightly better than that of N9 (1. ′′ 6 versus 2. ′′ 0), we primarily used the N9 data for the utilization of N9 standard transformation information. 
